The MER Project will launch two spacecraft (MER-A and MER-B) to Mars in 2003 with the objective of delivering two Rovers to different landing sites on Mars to study the surface composition and to look for evidence of present or past water. This paper describes the methods used to estimate the statistical AV and propellant requirements for propulsive maneuvers necessary to deliver the two Rovers while ensuring that planetary protection requirements are satisfied. 
Flight Path Control Strategies for the 2003 Mars Exploration Rover Mission
Behzad Raofi [braofi@,ipl.nasa.gov, (8 18) The Mars Exploration Rover (MER) Project will launch two spacecraft to Mars, referred to as MER-A and MER-B, in the 2003 launch opportunity with the objective of delivering two surface Rovers to different near-equatorial landing sites on Mars. During the baseline 91 Sol (-93.5 Earth day) surface mission, each Rover will collect data about the composition of targeted Martian soil and rocks and also will provide images and spectra to document the target surroundings and the landing sites. MER-A will be launched first on a Boeing Delta system (including heatshield, backshell, parachute, retro-rockets, airbags and Lander structure), and a Rover, which is enclosed inside the Lander. The launch mass allocation for both flight systems is 1063 kg. This paper describes the methods used to estimate the statistical AV and propellant required for propulsive maneuvers to deliver the two Rovers to their targeted Mars landing sites while ensuring that planetary protection requirements are satisfied. During the approximately 7 month interplanetary transfer for each spacecraft, which includes the Cruise and Approach mission phases, six Trajectory Correction Maneuvers (TCMs) are planned to deliver each flight system to the specified Mars atmospheric entry aimpoint. The EDL phase begins at the atmospheric entry interface point, which is defined to be at a Mars radius of 3522.2 km. MER EDL will be nearly identical to that developed for 1997 Mars Pathfinder mission. Planetary protection (PP) requirements state that after injection the probability of the launch vehicle upper stage impacting Mars shall be less than 1.0 x Since the upper stage cannot perform maneuvers and, therefore, flies ballistically after injection, it is necessary to bias the injection aimpoint away from Mars to satisfy the PP requirement. Table 1 shows the biased injection aimpoint coordinates for all four trajectories in Mars B-plane (plane passing through the center of the target body and perpendicular to the incoming asymptote S of the hyperbolic flyby trajectory). The T axis is defined as the intersection of B-plane and the Mars mean equator of date ( T = V , x Pule,,,), and the R axis completes a right-handed rule in the TRS orthonormal basis. Table 1 also shows the time of closest approach (TCA) and its difference with respect to the unbiased entry time, the injection impact probability for the spacecraft and the launch vehicle upper stage, and the deterministic AV required to remove the injection bias at TCM-1 (at launch plus 15 days). TCM AV and propellant statistics, along with Mars atmospheric entry delivery accuracies, are estimated by performing 5000-sample Monte-Carlo analyses. These analyses include dispersions from the launch vehicle injection covariance and the 99% Probability of Commanded Shutdown (PCS) data (for the Delta second stage bum), orbit determination uncertainties, and TCM execution errors. Table 2 presents the mission AV and propellant mass requirements at 99% probability for MER-A Open and Close and MER-B Open and Close. The MER-A Open case (launch on 5/30/03) has the most demanding mission AV and propellant requirements. 
